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In reviewing the literature on graft survival, 19, 20 it can be found that membranous bone grafts had retained greater than 80% of their original volume and had been replaced by new bone whereas iliac (endochondral) bone had undergone 65% to 88% resorption. In addition to the higher resorption rate of iliac crest grafts, other disadvantages include the high costs of hospitalization, risk of general anesthesia, and morbidity of the procedure. 4, 7, 21 Conversely, mandibular symphysis and ramus bone seem to undergo less resorption because of the thick cortical layer and their rigid structure. 4, 7, 22 Other advantages of intraoral donor sites include conventional access for surgeons familiar with intraoral anatomy, reduced anesthesia and operative time because of close proximity of donor and recipient sites, and no cutaneous scars. [22] [23] [24] It can be done ideally as an outpatient surgery, thereby decreasing the overall costs of the procedure.
In addition to obtaining an optimal bone source for grafting, it is critical to adhere to surgical principles for predictable success. These include primary tension-free wound closure, promoting angiogenesis by perforating the cortical graft site, and rigidly fixating the block graft for stability. In addition, creating adequate space for bone regeneration by surgically expanding the soft tissue matrix can help prevent resorption of the graft material.
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To reconstruct large edentulous defects there is only a limited amount of intraoral bone available for grafting. Block and Degen 13 have reported on the use of particulate allograft alone to successfully augment partially edentulous segments for implant placement through a minimally invasive tunneling technique. However, the high resorption rates associated with this technique are likely because of natural tissue contraction. Furthermore, graft migration is a potential problem because retention of the particulate graft is difficult, particularly in the anterior maxilla, where there is no bony shelf to maintain the graft material. In addition, direct visualization of the defect, especially in the esthetic areas, can be challenging with this tunneling technique. Using an open approach in the severely resorbed maxilla makes it possible to place the bone exactly where it is needed with less chance of migration.
A major limitation to reconstructing large-volume bone defects is the contraction of the "soft tissue matrix," leading to resorption of the bone graft. Surgical control of the expanded soft tissue volume prevents resorption of graft material 9 by maintaining a space between the periosteum and bone. In our cases, the cortical block grafts serve as a tenting mechanism for separating the periosteum and overlying gingiva from the underlying native bone. The slow resorption of the cortical membranous block is ideal for maintaining the ridge contour. This provides space for human mineralized particulate allograft (Puros; Zimmer Dental, Carlsbad, CA) to act as an osteoconductive scaffold for new bone formation between the cortical blocks. This concept makes it possible to graft large segments without the need to harvest bone from extraoral sites.
The hypothesis we evaluated was whether minimal autogenous intraoral cortical block grafts interposed with human mineralized bone could be used to restore large-volume defects resulting in sufficient bone quantity and quality after 4 months to allow for subsequent osseointegration of endosseous implants.
MATERIALS AND METHODS
Patients selected for this procedure had less than 4 mm of bone width determined by preoperative examination and imaging studies and were missing a minimum of 4 consecutive teeth involved in the grafted segments. Before ridge augmentation, all ridges were too narrow for placement of a 3.3-mm implant. All patients had adequate vertical height for implant placement and were considered healthy for outpatient general anesthesia. Smokers, patients with diabetes, and any medically compromised patients were excluded from this series. After prosthodontic consultation for implant restorations, patients were scheduled for bone grafting procedures.
Topical anesthesia was placed over the edentulous ridge and up to 9 mL of 2% lidocaine with 1:100,000 epinephrine was given as blocks and infiltrations in the maxilla and mandible. To access the thin maxillary ridge, a crestal incision with vertical releases were used in the posterior as necessary (Figs. 1, A; 2, A; and 3, A). In the anterior maxilla, subperiosteal dissection was carried up to the anterior nasal spine to obtain adequate release for passive primary closure.
To access the mandibular ramus, incisions along the oblique ridge helped gain adequate exposure. In large edentulous segments, multiple grafts were taken sequentially from only one side of the mandibular ramus. The grafts were adapted to the ridge (Figs. 1, B ; 2, B; and 3, B) and separated by 1 cm with particulate human mineralized allograft material (Puros) with a 500-m particle size. The particulate graft was compressed firmly between the cortical grafts to form a compact and dense graft held by a coagulum of the patient's blood. The defect was overcorrected with particulate material in anticipation of future graft resorption. A resorbable membrane (Ossix Plus; OraPharma, Warminster, PA) was carefully placed over all grafted sites. Primary closure over the entire graft was obtained with interrupted resorbable sutures.
Postoperatively, all patients were instructed on a soft diet, and the patient prosthesis was adjusted to avoid impingement on the grafted site, and, when possible, to create positive tissue architecture. All patients were placed on postoperative antibiotics of penicillin 500 mg for 7 days (for penicillin allergic, clindamycin 300 mg for 7 days) and a chlorhexidine mouth rinse for 1 week. After 4 to 6 months, the grafted sites were uncovered (Figs. 1, C and 2, C) and screws removed. A total of 42 implants were placed in patients with a mean age of 49.9 years (range, 32-68 years) with a mean follow-up of 14 months (range, 6 -24 months). Thirty-five implants were placed (Fig. 3 , C) in cortical grafted areas and the remaining 7 were placed into particulate grafted areas (Puros). A total of 31 implants were placed as a single-stage protocol and 11 were placed as a 2-stage protocol. Eight implants were Biomet3i (Palm Beach Gardens, FL) and 34 were Straumann implants (Straumann, Basel, Switzerland). All implants were allowed a waiting period of 4 months before the restorative phase began. Implant integration was confirmed by successful counter torque test of 35 N⅐cm. Preand postoperative defects were evaluated at both the bony and soft tissue levels (Fig. 2, D and E) . Additional allograft material was added to improve the final bone-and soft-tissue contours as necessary to affect esthetic outcome.
RESULTS
Ten (4 men and 6 women) consecutive patients with severe alveolar ridge atrophy underwent surgery (Table 1). The mean age of patients was 49.9 years (range, 32-68 years). Nine patients had grafts placed to the maxilla and 1 patient had grafts to augment a partially edentulous posterior mandible. Of the 9 patients with grafts to the maxilla, 5 were completely edentulous with severe resorption of the maxillary alveolar ridge. In all cases, adequate tension-free closure over the graft was achieved, and the incisions healed uneventfully. There were no postoperative wound infections. At the 2-month follow-up check all ridges were firm to palpation, and at 4 to 5 months after ridge augmentation, a full-thickness periosteal reflection was used to expose the reconstructed alve- olar ridge. All screws were removed, and the ridge width was clinically evaluated to be larger than 6 mm at all sites of implant placement. A total of 42 implants were placed into the grafted ridges at locations determined by the restoring dentists preoperatively. Thirty-eight implants were placed in the maxilla and 4 were placed in the mandible. Thirty-seven implants were placed using a singlestage protocol. Only 5 implants required uncovering. After 3 to 4 months of integration, all implants were tested for integration by successful resistance to a counter torque of 35 N⅐cm. One implant placed in the particulate grafted region failed to integrate and was successfully replaced in an adjacent site. Thirty-five implants have been successfully restored in 8 patients with a mean follow-up of 22 months (range, 14 -32 months) from placement. The remaining 2 patients are currently undergoing restorative treatment. Follow-up examinations have indicated stable and healthy periimplant tissue and bone levels.
The specimen harvested from the particulate graft consisted of dense viable bone, which could be classified as type 1 or type 2 bone (Figs. 1, C and 2, C). The osseous tissue has been deposited in a lamellar fashion and exhibits osteocytes within lacunae. The trichrome stain (Fig. 4A) shows nice bone reversal lines indicating active remodeling.
DISCUSSION
Many authors have reported on the use of autogenous bone grafts [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] to restore bony defects and allow for the correct positioning of implants. However, when treating the severely atrophic alveolar ridge, it is common to encounter large-volume defects that must be fully reconstructed to create an esthetic and functional result. With these large-volume defects, it has been necessary to obtain bone from extraoral sources. The authors prefer intraoral membranous donor bone over endochondral extraoral sites because of the increased resorption, high cost, and increased morbidity of the latter. 4, 19, 20, 21 In addition, we have found that by appropriately spacing autogenous cortical block grafts, interposed by particulate graft, it is possible to augment a large, severely atrophic ridge with less need for autogenous bone. This technique involves expanding the soft tissue volume and using the cortical bone grafts as "cortical tent poles" for the surrounding particulate graft. This helps prevent the soft tissues from contracting around the particulate graft, and subsequently, displacing it or causing physiologic resorption.
9 This soft tissue maintenance concept was confirmed by the clinical observation that the particulate bone graft material resorbed no further than the level of the cortical bone grafts (Figs. 1, C and 2, C). Although longer follow-up is needed to evaluate whether this is a permanent result, our short-term outcome demonstrates improved esthetic and functional results.
In addition to restoring the hard tissue defect, the particulate bone preserves and augments the soft tissue architecture that was lost to years of resorption. This allows an option for implant placement and creates a better esthetic result. Soft-tissue contour typically follows underlying bony architecture. Any ridge augmentation through bone grafting must provide the foundation to reconstruct the hard tissue defects to affect the soft tissue architecture.
In this series of patients, 41 of 42 implants (97.6%) placed integrated. The 1 implant that failed to integrate was placed in the posterior maxilla in a completely edentulous patient who also underwent a simultaneous maxillary sinus lift procedure. This implant was eventually replaced successfully in an adjacent site.
Postoperative wound infection or dehiscence was not observed in this patient series. This can be attributed to the meticulous reflection of tissue flaps and a tension-free closure. This was achieved by releasing the perios- teal flaps from the nasal spine in addition to scoring the periosteum in all maxillary cases. The author finds this step to be critical in avoiding wound dehiscence and subsequent graft resorption.
CONCLUSION
In our small patient series, this technique has allowed us to restore largetissue defects in a predictable manner. Long-term follow-up is needed to evaluate the stability of graft retention, especially in the particulate grafted area. Our preliminary report indicates that using this technique allows for the successful reconstruction of large defects in the patients selected.
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